Background and Aim: Chronic obstructive pulmonary disease (COPD) is a rather common comorbid condition among patients admitted to the intensive care unit (ICU), while evidence of how this comorbidity affects prognosis is limited. This study aimed to investigate the associations between COPD comorbidity and prognoses of patients who were admitted to the ICU for non-COPD reasons, and to examine whether the associations varied between different types of ICU. Methods: A retrospective cohort study was performed using data extracted from a freely accessible critical care database (MIMIC-III). Adult (≥18 years) patients of first ICU admission in the database were enrolled as study participants but those with a primary diagnosis of COPD were excluded. The primary endpoint was 28-day mortality after ICU admission and multivariable Cox regression analyses were employed to assess the associations between COPD comorbidity and the study endpoints. Different adjusting models including a propensity score were used to adjust potential confounders. Results: A total of 29,499 patients were enrolled finally, among which 3,332 patients (11.30%) were comorbid with COPD. A higher 28-day mortality was observed among patients with COPD than those without COPD (13.90% versus 8.07%, P<0.001), but there was no statistically significant difference in the proportion of patients who needed mechanical ventilation on the first day after ICU admission between the two groups. Multivariable Cox regression analyses found a significant association between COPD comorbidity and 28-day mortality (adjusted hazard ratio=1.32, 95% confidence interval=1.19-1.47, P<0.0001). The associations were broadly consistent among patients admitted to different types of ICU, but a much higher estimate was observed in patients admitted to cardiac surgery recovery unit (adjusted hazard ratio=2.03, 95% confidence interval=1.44-2.86, P<0.0001). Conclusion: Comorbid COPD increased the risk of 28-day mortality among patients admitted to the ICU for non-COPD reasons, especially for those admitted to the cardiac surgery recovery unit.
Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide, with a global prevalence of 10.1% in 2017. 1 As the prevalence of COPD increases globally 2, 4 and the size of the aging population grows resulting from improvements in healthcare and social circumstances, 5 it is not surprising to find that COPD becomes a rather common comorbid condition among patients admitted to the intensive care unit (ICU). According to a study from Austria, 6 8.6% of ICU patients had COPD and they had higher risk-adjusted mortality when compared with those without COPD. To the best of our knowledge, however, evidence of how comorbid COPD affects prognosis of critically ill patients is still very limited, especially for patients admitted to the ICU for non-COPD reasons. Available research mainly focused on patients admitted to the ICU due to COPD and investigated relevant risk factors or interventions associated with clinical outcomes. 7, 10 Considering that COPD is usually associated with other comorbidities, it might be worthy to investigate whether the impact of comorbid COPD on the prognosis of critically ill patients is consistent for those admitted to the ICU but not for a COPD reason. In this study, we aimed to evaluate the associations between comorbid COPD and prognoses of patients admitted to the ICU for non-COPD reasons, and to examine whether the associations varied between different types of ICU.
Methods

Study Design and Data Source
The study used a retrospective cohort study design. Data from a freely accessible critical care database, Medical Information Mart for Intensive Care III (MIMIC-III), 11 were analyzed retrospectively. In brief, the database consisted of clinical data of patients who stayed in the ICU of Beth Israel Deaconess Medical Center between 2001 and 2012. Access to the database was approved by the institutional review boards of both Beth Israel Deaconess Medical Center and Massachusetts Institute of Technology Affiliates. No informed consent was required since all the data were deidentified.
Study Population
All the adult (≥18 years) patients were considered to be enrolled as study participants, but only those of the first ICU admission in the first hospitalization were chosen if they had more than one admission record in the database. We excluded patients whose lengths of first ICU stay were less than 24 hours and whose primary diagnosis were COPD.
To avoid potential typos in the original data, we excluded patients whose lengths of hospital stay were shorter than the lengths of ICU stay. The detailed procedure for study participants selection was presented in Figure 1 .
Data Extraction
As previously described, 12,13 data extraction was performed comorbidities, were also identified using ICD-9-CM codes. Variables about therapies including mechanical ventilation and renal replacement therapy on the first day after ICU admission were also extracted.
Outcome Variables
The following outcome variables were extracted: 28-day mortality (after ICU admission), ICU mortality, hospital mortality, length of ICU stay, length of hospital stay. Among them, 28-day mortality was chosen as the primary endpoint of the study, and ICU mortality was chosen as the second endpoint, while other outcomes were extracted for descriptive purposes only. Since a patient might have more then one ICU admission during one hospitalization, ICU mortality and length of ICU stay were determined only by the first ICU admission.
Calculation of Propensity Scores
Patients were categorized as comorbid COPD or not according to whether they had any COPD diagnosis codes mentioned above, and a propensity score for each patient was calculated to estimate their probability of being comorbid COPD or not using multivariable logistic regression models given the following covariates: sex, age (years), type of admission, SAPS II on admission, sepsis, mechanical ventilation on first day, renal replacement therapy on first day, congestive heart failure, cardiac arrhythmias, valvular disease, pulmonary circulation disorder, peripheral vascular disorder, hypertension, paralysis, other neurological disease, uncomplicated diabetes, complicated diabetes, hypothyroidism, renal failure, liver disease, peptic ulcer, acquired immune deficiency syndrome (AIDS), lymphoma, metastatic cancer, solid tumor, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, deficiency anemia, alcohol abuse, drug abuse, psychoses, and depression.
Statistical Analysis
Data were presented as mean±standard deviation, median (25th-75th percentiles), or numbers (percentages) according to types and distributions of variables. Kruskal Wallis and Chi-square (or Fisher's exact) tests were used for comparisons between groups. Kaplan-Meier method and Log rank tests were used to compare survival distributions among patients with comorbid COPD or not. Associations of comorbid COPD with primary endpoint and second endpoint were assessed using Cox regression models and logistic regression models, respectively. We used three different models to adjust potential confounders: ( 
Results
Baseline Characteristics of the Study Population
A total of 29,499 patients were enrolled finally, among which 3,332 patients (11.30%) had COPD comorbidity. The average age of the study population was 63.88 ±17.07 years, and patients with COPD comorbidity had a significantly higher average age than that of patients without COPD (71.66±11.50 versus 62.89±17.40 years, P<0.001). More patients with COPD were male, but the difference between groups was small (54.47% versus 57.24%, P=0.002). Patients with COPD comorbidity accounted for a higher percentage of patients admitted to the medical intensive care unit (MICU) and coronary care unit (CCU). No statistically significant difference was observed in the types of admission, proportions of patients who suffered from sepsis, or those who needed mechanical ventilation or renal replacement therapy on the first day after ICU admission between the two groups. However, when compared with patients without COPD, patients with COPD had higher SAPS II on admission, and a higher percentage of them suffered from most of the other comorbidities. Detailed results are presented in Table 1 . 
Clinical Outcomes of the Study Population
In total, 2,574 patients (8.73%) of the study population died within 28 days after ICU admission, while a higher 28-day mortality rate (13.90% versus 8.07%, P<0.001) was observed among patients with COPD than those without COPD, and similar results were found for ICU mortality (4.47% versus 2.86%, P<0.001) and hospital mortality (9.33% versus 6.37%, P<0.001). The median lengths of ICU stay and hospital stay were close between the two groups, though the differences were significant. Detailed results are also presented in Table 1 . The Kaplan-Meier survival curves presented in Figure 2 depictthe survival distributions of patients with or without COPD within 28 days after ICU admission, and the comparison between the two groups revealed significantly better survival of patients without COPD comorbidity (Log rank test; P<0.0001).
Associations Between Comorbid COPD and Clinical Outcomes
Results of multivariable Cox regression analyses indicated that comorbid COPD was a risk factor for 28-day mortality with a crude hazard ratio (HR) of 1.77 [95% confidence interval (CI)=1.60-1.96], and the association was still significant and consistent after being adjusted by the three different models (HR=1.32, 95% CI=1.19-1.47, adjusted by model 3; results of the other two models were presented in Table 2 ). Analyses of the second endpoint indicated that comorbid COPD also increased the risk of ICU mortality [odds ratio (OR)=1.24, 95% CI=1.03-1.49, adjusted by model 3; the results of the other two models are also presented in Table 2 ]. After being stratified by types of ICU, as presented in Table 3 , estimates of the association between comorbid COPD and 28-day mortality among patients admitted to different types of ICU were broadly consistent, but a much higher estimate was observed in patients admitted to the cardiac surgery recovery unit (CSRU) (HR=2.03, 95% CI=1.44-2.86, adjusted by model 3). However, estimates of the association between comorbid COPD and ICU mortality after being stratified by types of ICU varied, and a significant inverse association (OR=0.46, 95% CI=0.23-0.91) was observed in patients admitted to the surgical intensive care unit (SICU).
Discussion
The study selected patients who were admitted to the ICU for non-COPD reasons as the study population and investigated the associations between comorbid COPD and clinical outcomes. Data from a large critical care database were analyzed retrospectively, which made a large sample size available. Results of the study indicated that comorbid COPD was an independent risk factor for critically ill patients admitted to the ICU for non-COPD reasons, which would increase the risk of 28-day mortality after ICU admission by about 30%, and even higher for patients admitted to the CSRU.
Compared with Funk et al, 6 which seems to be the only one study currently available that includes a large sample size and also investigates the impact of comorbid COPD on clinical outcomes for critically ill patients admitted to the ICU for non-COPD reasons, the results of our study are different in several aspects. Our study found a higher prevalence of COPD comorbidity in ICU patients (11.30% versus 8.6%), which might be related to the fact that the prevalence of COPD was higher in the United State than in Austria 18, 19 and that Funk et al's study also included patients admitted to the ICU for COPD reasons. It is noteworthy that in our study patients with a primary diagnosis of COPD accounted for a much lower proportion of patients with COPD [3.48% (120/3,452), see Figure 1 , compared with 29.02% (4,868/16,774) in Funk et al's study]. This might be attributed to potential measurement error which will be discussed below. However, in our study there was no statistically significant difference in the proportion of patients who needed mechanical ventilation on the first day after ICU admission between patients with COPD and without COPD, so the identification of patients with COPD but not admitted for COPD in our study was still reliable. Conclusions on the associations of COPD comorbidity with mortality between the two studies were similar, but we did not analyze outcomes such as prolonged mechanical ventilation, tracheotomy, or prolonged weaning, since evaluating these outcomes might be essential only when patients admitted to the ICU for COPD were investigated. One strength of our study was that different models including a propensity score were employed to adjust potential confounders, especially in the stratified analyses when sample sizes of each strata were limited. 20 Some results we found in the study are also worth discussion. A much higher HR was observed in patients admitted to the CSRU in our study, which supported that comorbid COPD might influence the outcomes of patients who underwent cardiac surgery. Results from other studies were not consistent in this issue. Efird et al 21 found that COPD was a risk factor of long-term survival after coronary artery bypass grafting surgery with a HR of 1.8, while Manganas et al 22 concluded that mortality associated with coronary artery bypass grafting surgery was not influenced by COPD. Another result that needs to be discussed was the inverse association between comorbid COPD and ICU mortality for SICU patients, which seems counter-intuitive. We thought this was related to the definition of ICU mortality in the study, because we determined ICU mortality only according to the first ICU admission Associations of comorbid COPD with 28-day mortality and ICU mortality were analyzed using Cox regression models and logistic regression models, respectively. Model 1 was adjusted by: sex, age (years), type of admission, SAPS II on admission, sepsis, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser comorbidity index (SID30); model 2 was adjusted by: sex, age (years), type of admission, SAPS II on admission, sepsis, mechanical ventilation on first day, renal replacement therapy on first day, congestive heart failure, cardiac arrhythmias, valvular disease, pulmonary circulation disorder, peripheral vascular disorder, hypertension, paralysis, other neurological disease, uncomplicated diabetes, complicated diabetes, hypothyroidism, renal failure, liver disease, peptic ulcer, AIDS, lymphoma, metastatic cancer, solid tumor, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, deficiency anemia, alcohol abuse, drug abuse, psychoses, and depression; model 3 was adjusted by propensity score calculated by sex, age (years), type of admission, SAPS II on admission, sepsis, mechanical ventilation on first day, renal replacement therapy on first day, congestive heart failure, cardiac arrhythmias, valvular disease, pulmonary circulation disorder, peripheral vascular disorder, hypertension, paralysis, other neurological disease, uncomplicated diabetes, complicated diabetes, hypothyroidism, renal failure, liver disease, peptic ulcer, AIDS, lymphoma, metastatic cancer, solid tumor, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, deficiency anemia, alcohol abuse, drug abuse, psychoses, and depression. * Statistical significance (P<0.05). Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CI, confidence interval; SAPS II, simplified acute physiology score II; AIDS, acquired immune deficiency syndrome.
(if a patient had more than one ICU admission during his/her first hospitalization). It was reasonable that a patient was first admitted to a SICU and got prepared for a surgery and then was transferred out of the ICU for the surgery. In this situation, using hospital mortality would be more reasonable to assess the association and, indeed, the OR became not significant when hospital mortality was used as the clinical outcome (OR=0.84, 95% CI=0.59-1.21) for the same patients admitted to SICU (data not shown).
There were some limitations of the study. Measurement error caused by identifying COPD or other comorbidities using ICD-9-CM codes might be the most important one. Notes: Associations of comorbid COPD with 28-day mortality and ICU mortality were analyzed using Cox regression models and logistic regression models, respectively. Propensity score was calculated according to sex, age (years), type of admission, SAPS II on admission, sepsis, mechanical ventilation on first day, renal replacement therapy on first day, congestive heart failure, cardiac arrhythmias, valvular disease, pulmonary circulation disorder, peripheral vascular disorder, hypertension, paralysis, other neurological disease, uncomplicated diabetes, complicated diabetes, hypothyroidism, renal failure, liver disease, peptic ulcer, AIDS, lymphoma, metastatic cancer, solid tumor, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, deficiency anemia, alcohol abuse, drug abuse, psychoses, and depression. * Statistical significance (P<0.05). Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; MICU, medical intensive care unit; CCU, coronary care unit; SICU, surgical intensive care unit; CSRU, cardiac surgery recovery unit; TSICU, trauma/surgical intensive care unit; CI, confidence interval; SAPS II, simplified acute physiology score II; AIDS, acquired immune deficiency syndrome.
Due to the retrospective study design and limitation of the data, we only used ICD-9-CM codes to identify COPD as previously reported, 15 however, this method was found to misclassify the majority of patients who had COPD. 22 Other limitations of the study included other intrinsic defects in a retrospective cohort study, unavailability of data on severity of COPD which might be a confounder, single unit design, and the inability to investigate time trends due to blindness to time information in the database for privacy reasons. Therefore, prospective studies are still needed to further confirm our results.
Conclusion
Comorbid COPD increased the risk of 28-day mortality among patients admitted to the ICU for non-COPD reasons, especially for those admitted to the cardiac surgery recovery unit. 
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